Crane BA, Holm MB, Hobson D, Cooper RA, Reed MP: A dynamic seating intervention for wheelchair seating discomfort. Am J Phys Med Rehabil 2007; 86:988 -993. Objective: The objective of this study was to examine the effectiveness of a new user-adjustable wheelchair seating system designed to relieve discomfort for long-duration wheelchair users.
Long-durati on wheelchair users (i.e., greater than 8 hrs of use per day) with intact sensation frequently experience problematic levels of discomfort. [1] [2] [3] Discomfort has been shown to negatively influence consumer satisfaction, 4 cause decreased quality of life, 5 and lead to problems related to wheelchair propulsion ergonomics 6 and adoption of poor sitting postures 7 -all of which may impair everyday function and the ability to remain seated in a wheelchair. 8 Yet, few researchers have investigated the nature and causes of wheelchair seat discomfort, or possible solutions to this problem. 1, 9 However, the automotive seating industry has done significant product design research to meet the comfort needs of long-duration drivers. Therefore we decided to try and incorporate automotive technologies into wheelchair seating. An additional advantage of this would be the ability to provide lower-cost product options for wheelchair users, because these products are already commercially available in a much larger market than the wheelchair seating market.
Anecdotal experience by clinicians suggests that giving users greater control of the seating system increases satisfaction, but no systematic studies have supported this observation. Preceding work in this research program developed a validated methodology for assessing the affect of wheelchair technology on sitter comfort. The current paper describes the application of this methodology to the development and refinement of an advanced wheelchair seating system. The system, which is based on off-the-shelf commercial components, was intended to be a test bed for technologies rather than a commercial system. As such, the findings reported here may encourage developers to invest in more configurable seating systems for wheelchair users. The purpose of this study was to examine the effectiveness of a this wheelchair seating system designed to relieve discomfort for long-duration wheelchair users.
METHODS
This study involved an iterative process of testing two prototype powered wheelchair seating devices constructed on a Permobil powered wheelchair base. Although the initial seating system design was based on laboratory-based research performed before this study, it was not clear to the researchers that the initial prototype would actually prove to be an effective intervention. The ultimate goal of designing an effective dynamic seating intervention to address the comfort needs of this population of wheelchair users was highly dependent on the outcomes of each design and testing phase. In this study, the initial prototype was tested, but when initial results indicated poor ac-complishment of the ultimate comfort-related goal, the study design allowed flexibility to remove the initial prototype from further testing and redesign the seating according to the feedback received from the subjects.
The Permobil powered wheelchair used for testing included powered chair tilt, powered back recline, powered elevating leg rests, and a powered seat lift-all currently available wheelchair seating features. An automotive bucket-style seat was mounted on the Permobil wheelchair base. This seat consisted of a foam contoured seat and back with cloth upholstery. Air bladders were embedded in both the seat and back cushions underneath the foam cushions. Four air bladders were added to the seat, and three bladders were added to the back (see Fig. 1 ). These air bladders were connected to battery-powered pumps, and the wheelchair user had controls to inflate or deflate each bladder to adjust the support characteristics of the cushion. The wheelchair controls were adjusted until the participant was satisfied and able to independently operate all of the seating and wheelchair controls.
The Tool for Assessing Wheelchair disComfort (TAWC), 10,11 a previously developed and validated tool, was the main outcome measure, allowing quantification of subject discomfort in a real-life testing process following a single-system, within subjects research design. Data from the TAWC were used to guide modifications of the wheelchair seating system and to quantify its effectiveness in reducing discomfort. After testing of the first prototype, the seat of the system was redesigned, and the foam structure was replaced with a custommade, four-quadrant Roho air cushion on the basis of feedback from the participants that the automotive seat was too firm. In addition to the TAWC discomfort scores, subjects monitored their skin daily for any changes in skin integrity for safety. If any redness was detected after sitting in the test wheelchair, the subject was instructed to stop using the wheelchair and contact the researchers. The total amount of time sitting in the wheelchair each day was also monitored via a log completed by the subject each day.
An ABCA single-subject design test protocol was used. Phase A was the baseline phase, during which the subjects used their own wheelchairs. Phase B involved using the prototype wheelchair with only the traditional powered wheelchair features operational. The traditional features used were power seat tilt, power back recline, power elevating leg rests, and power seat lift. Phase C involved using the prototype wheelchair with the traditional wheelchair features as in Phase B, with the new air bladder features operational. Subjects were randomly assigned to either an ABCA or an ACBA test order to minimize possible interference of an order effect.
Two wheelchair users were recruited for this study. The participants reported using powered wheelchairs for an average duration of 8 hrs/day. They had severe motor impairment and intact sensation on their buttocks and lower extremities and experienced discomfort associated with sitting in their wheelchairs. Neither of the participants had experienced skin breakdown on their seating surfaces (buttocks or posterior thighs) within the year before enrollment. Both participants were using Permobil power wheelchairs before the study. The first participant was using a Permobil standing frame power wheelchair when he was initially recruited, but he later received a Permobil power wheelchair with power tilt and recline features. Participant 1 used a high-profile Roho seat cushion, and participant 2 used standard Permobil seating including mildly contoured seat and back cushions.
The TAWC was used to quantify sitting discomfort experienced by the test subjects under all test conditions. This tool is divided into sections that result in two discomfort scores. 10 The General Discomfort Assessment score (GDA) contains eight statements related to discomfort and five statements related to comfort, rated on a seven-point Likert scale. The GDA score has a possible range of 13-91, with higher scores representing increased levels of discomfort. GDA scores were recorded for each 4-hr period of time spent sitting. The Discomfort Intensity Score (DIS) allows subjects to rate level of discomfort in eight body areas and in the body as a whole. The DIS score has a range of 8 -99. A score of 8 indicates no discomfort in any part of the body, and a score of 99 indicates a maximum amount of discomfort in eight body areas and in the body as a whole. The reliability and validity of the TAWC have been established and reported in an earlier publication. 11 Before data collection, participants signed informed consent documents approved by the University of Pittsburgh's institutional review board. For the baseline measures discussed previously, participants completed daily logs and TAWC questionnaires. The researcher contacted each participant several times per week to answer any questions and clarify procedures as needed. Participants were also encouraged to call or page the researcher if there were any problems or question regarding either the documentation or the test wheelchair. The researcher visited with each participant weekly to transition the participant from one intervention to the next and to collect data.
Both traditional graphic visual analyses 12 and specialized semistatistical and statistical procedures designed for use in single-subject design, 12, 13 were used to analyze the effectiveness of the seating interventions. The comfort effects of three seating systems were compared. The baseline phases (A1 and A2) (participants' own chairs) were compared with a test chair equipped with traditional powered seating options (B1 and B2) and the same test chair equipped with traditional powered seating options and new user-adjustable seating components (adjustable air bladder systems) (C1 and C2). The two intervention systems were also compared with each other.
All discomfort-related data were manually entered into an SPSS data file, then summary data were transferred into a Microsoft Excel spreadsheet and graphs were developed for performing visual analyses. Semistatistical and statistical procedures used included celeration line analyses and the Tryon C statistic. 14 Before any visual or statistical analysis, the Bartlett test of the lag-1 autocorrelation coefficients 12 was performed on each phase of data collected for each participant. When serial dependency of the data were found, the C statistic alone was relied on for indications of a significant intervention effect, because the C statistic remains effective even with data that are serially dependent. 14 
RESULTS
Both subjects completed partial tests of chair 1. The chair was removed early in both cases because of negative outcomes evidenced by the discomfort scores and development of reddened areas on the buttocks, a preestablished stopping point for safety. Discomfort scores for chair 1 testing are summarized in Table 1 . Both subjects also tested chair 2 after the redesign process. This testing allowed comparison of the two chair designs as well as examining the effectiveness of the new design. Table 2 contains chair 2 summary results.
Subject 1
This subject used a Permobil Chairman model powered wheelchair with a high-profile Roho cushion for the A phases of his first trial. He completed phases A, C, and A when testing the first wheelchair design. He had been randomized to an ACBA design, but he experienced redness under one of his ischial tuberosities after 5 days of phase C testing with this first prototype, and therefore the test was ended for safety reasons. He did not progress to phase B; instead, he returned to his own wheelchair for his return to baseline phase (phase A). His GDA and DIS discomfort scores changed little while he used the prototype wheelchair. The scores were slightly lower, but they were not particularly stable, and none of the semistatistical tests indicated a significant difference when using the test wheelchair. The C statistic analysis indicated significantly greater discomfort levels on both the GDA and DIS measures when he was using the first test wheelchair.
After the redesign of the test wheelchair, he was contacted and asked whether he would be interested in testing the redesigned wheelchair. He agreed, but because he had just obtained a new personal wheelchair, he underwent a new trial, including new baseline-phase data collection. His new wheelchair was also a Permobil power wheelchair base, but instead of a standing feature, his new wheelchair had power seating options including power seat tilt and power back recline. He was assigned the same testing schedule: ACBA, for consistency with his first round of testing.
Once again, his mean GDA and DIS discomfort scores changed little across phases. Trend lines illustrated increasing levels of discomfort during all phases of testing. However, the slopes of the trend lines were slightly decreased during phases B and C. On return to baseline, mean discomfort increased and the trend reversed in slope, indicating increasing discomfort when he returned to using his own wheelchair. The DIS data C statistics indicated significantly less discomfort during phase B (z ϭ 2.55) and significantly more discomfort during phase C (z ϭ 2.78) and his final baseline phase (z ϭ 2.37). This indicates lower levels of discomfort with the test wheelchair with traditional power seating, but no further decrease in discomfort with the addition of the new, useradjustable seat features.
Subject 2
The second subject was randomized to an ABCA testing order. During his baseline phases, he used a Permobil power wheelchair with the standard Permobil foam seat and back cushions. His own wheelchair had power seat tilt, power back recline, and power elevating leg rests. His first chair trial was interrupted during phase B because of complaints of increased discomfort and difficulty using chair 1 in his home environment.
This participant's mean discomfort scores indicated greater discomfort during phase B with the first chair than during his baseline phase (phase A). GDA, General Discomfort Assessment score: 13-91, with higher scores indicating greater discomfort; DIS, Discomfort Intensity Score: 8-99, with higher scores indicating greater discomfort.
* No data collected for these phases. GDA, General Discomfort Assessment score: 13-91, with higher scores indicating greater discomfort; DIS, Discomfort Intensity Score: 8-99, with higher scores indicating greater discomfort. Trends in discomfort levels indicated stable levels of discomfort during both baseline phases and increasing levels of discomfort during phase B. DIS score trends followed a similar pattern as those found with GDA scores with increasing discomfort levels during phase B (see Fig. 2 ). The result of the C statistic testing of DIS scores for phase B indicated a significantly higher discomfort level (z ϭ 2.53) with this intervention.
After redesign of the test wheelchair, this participant agreed to complete his trial using chair 2. Because his own wheelchair had not changed, the test wheelchair was reintroduced, and he completed phases B and C and then returned to using his own wheelchair for his final baseline phase. Celeration line testing of the GDA scores indicated greater discomfort during phase C than during phase B. Overall, GDA scores were quite variable, but with a consistent pattern each day: lower scores in the morning, and higher scores at the end of each day. DIS scores for this participant were slightly less variable overall, yet they still exhibited a similar pattern. Celeration line testing of these scores indicated lower discomfort during phases B and C, but greater discomfort during phase C when compared with B. Figure 2 illustrates the DIS score means and trends. C statistic testing of the DIS scores from phase B with the first wheelchair and phase B with the second wheelchair was significant (z ϭ 2.69), indicating a significantly lower discomfort level with chair 2. This was indicative of improved comfort with chair 2 when compared with Chair 1 with the same features.
DISCUSSION
The newly developed TAWC subjective assessment tool and associated clinical measures were used in an iterative testing process to develop a prototype wheelchair seating system designed to minimize discomfort of wheelchair users. Chair 1, the first prototype, underwent initial testing by both participants. The TAWC measurements demonstrated that the chair 1 was not providing the expected benefits. Because of the results from the initial testing, the wheelchair seating system was redesigned and then retested as chair 2. The same participants tested chair 2 after this redesign, and the TAWC was again used to assess the effectiveness of the new intervention.
One concern with using a within-subjects design in research is autocorrelated data. Because of this concern, all data were tested for autocorrelation. In these two subjects only data from two phases resulted in autocorrelated data. For these results, the C statistic was relied on for testing of significant results. The remainder of the data were not autocorrelated, allowing for both visual and semistatistical analysis with all included methods.
The results of this testing must be considered in light of the limitations of this particular research. The difficulties involved in introducing a novel wheelchair design to these participants cannot be overlooked. The wheelchair base itself, which was not being studied, may have caused enough difficulty for the subjects to interfere with the ability to truly examine the effects of the seating intervention. The fit and function of the wheelchair seat also was suboptimal for the participants. Because of the close relationship between fit and comfort, this may have caused suboptimal levels of comfort for the subjects unrelated to the dynamic feature effects.
Recommendations for future study include (1) studying "standalone" seating products intended for use in the participants' own wheelchairs; (2) reducing the TAWC scoring to twice per day-once at 6 hrs and once at bed time-because of the relatively low levels of discomfort reported with shorter sitting durations; (3) reducing the datacollection labor involved on the part of the participants (perhaps by automating more of the datacollection process) and extending the phase lengths to 8 -10 days per phase to attain greater stability of trends; and (4) increasing the number and pattern of alternating phases-for example, studying one intervention at a time and using an ABABA design.
CONCLUSION
The goal of this research was to assess the effectiveness of a new, user-adjustable wheelchair seating system in alleviating discomfort. A secondary goal was to use the subject data in further development of the wheelchair seating design. These goals were accomplished through this within-subjects methodology. The first wheelchair design, developed after short-duration laboratory testing, did not meet the goal of reducing seating discomfort with longduration sitting. Therefore, this wheelchair was recalled and redesigned. On construction of the new design, the wheelchair was reintroduced and retested by these two participants. This method of testing was very helpful in designing a wheelchair that was able to meet the goal of enhancing comfort of users from the target population. The within-subjects design allowed for in-depth investigation of the effectiveness of a user-adjustable seating system for long-duration wheelchair users with intact sensation, using three measures of discomfort.
